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Abstract: Three groups of 32 weeks-old Roso layers were exposed for 8 weeks to 35ºC during daytime 
and 25ºC during the night and received diets with different protein levels. Group 1 received 17.5% protein (1% 
lysine, 0.75% methionine+cystine), group 2 received 19% protein (1.14% lysine, 0.78% methionine+cystine) 
and group 3 received 17.5% protein (1.14% lysine, 0.78% methionine+cystine). Group 2 displayed higher 
variations of the average hemoglobin, by 7.8% compared to group 1 and by 5.7% compared to group 3. The total 
serum protein was higher in group 2, by 11.2% compared to group 1 and by 8.6% compared to group 3. The 







As part of their mechanism of adaptation, the birds submitted to heat stress reduce their 
compound feed intake by about 48% (4, 5, 7). The depression of compound feed intake 
involves a reduction of the consumption of energy, protein and of other nutrients, which in 
turn depresses production.  
It was documented that a 5-20% increase of the dietary protein improves layer 
performance and feed conversion ratio (6, 8). Many researchers have studied the correlations 
between the high environmental temperatures and the diet, as well as the effect of the heat 
stress on the blood parameters in poultry (1, 3, 4) showing that there is not a stable blood 
composition. 
The study monitored the variation of some haematological indicators in the hybrid Roso 




MATERIALS AND METHOD 
 
The experiment was conducted on the experimental facilities of the Faculty of 
Veterinary Medicine “Spiru Haret” on 36 Roso layers aged 32 weeks. Throughout a period of 
8 weeks we monitored the variation of some haematological indices related to different 
dietary protein and amino acids concentrations under conditions of heat stress. The 
experiment used three groups of 12 layers each.  
 
Group 1 received a diet according top the norm, with 17.5% protein (1% lysine, 0.75% 
methionine+cystine) and 2750 kcal/kg metabolisable energy. In group 2 the protein : amino 
acids level was increased by 10%, thus the diet included 19.2 % protein (1.14% lysine, 0.78% 
methionine+cystine) and 2750 kcal/kg metabolisable energy. In group 3 only the amount of 
amino acids was increased by 10%, so the diet included 17.5% protein (1.14% lysine, 0.78% 
methionine+cystine) and 2750 kcal/kg metabolisable energy. The light regimen was 16 h light 
and 8 h dark throughout the experiment. There was a constant temperature of 35ºC during 
daytime and 25ºC during the night, at a relative humidity of 77%. The layers had free access 
to the feed and water. 
Weekly samples of blood were collected on anticoagulant from the 12 layers of each 
group. The following hematological indicators were monitored: hemoglobin, using the 
photocorimetric method with cianmethemoglobin, the hematocrit using the micromethod and 
the total serum protein, using the burette method. The weekly results of the experiment were 
processed and interpreted statistically using the Student test. 
 
 
RESULTS AND DISCUSSIONS 
 
The normal body temperature of the poultry is about 41ºC. In order to maintain this 
temperature, the birds submitted to heat stress must both eliminate and reduce the body heat 
they produce.  
The decrease of heat production requires lowering the biochemical processes the release 
heat by the joint action of the catecholamines and glucocorticoids coordinated by the nervous 
activity of the preoptical area of the hypothalamus.  
The catecholamines and glucocorticoids in excess intensify the transformation of 
glycogen into glucose (glycogenesis).  
Therefore the energy reserves of the liver and muscle cells decrease and 
gluconeogenesis (formation of glucose from lipids and protids) enhances due mainly to the 
glucoforming amino acids.  
As a consequence, according to the level of stress, the synthesis of peptides and proteins 
decreases, which may even end in an antianabolic state (increased secretion of uric acid and a 
negative nitrogen balance) (2, 3). 
The poultry adapt to the heat stress by producing less heat by decreasing the 
digestibility, absorption and metabolisation of the nutrients. Under such conditions, it is 
necessary to regulate the dietary level of nutrients in order to improve the maintenance and 
performance indicators. 
Under the conditions of our experiment, we tried to harmonise the crude protein : 
dietary essential amino acids ratio with layer requirements, observing differential situations 
for the three groups as shown by the values of the haemoglobin, hematocrit and total serum 
protein. 
The value of haemoglobin decreased significantly (p≤0.05) during the experiment in all 
three groups.  
If we relate the value of the last experimental week to the value of the first experimental 
week, we can notice that hemoglobin decreased by 10.9% in group 1, by 6.1% in group 2 and 
















Fig. 1 Average weekly haemoglobin values (g/dl) 
 
 
The average value of haemoglobin recorded in group 2 increased significantly (p≤0.05) 
compared to group 1 (7.8%) and compared to group 3 (5.7%). There were no significant 
differences between groups 1 and 3, the average value of the hemoglobin not being influenced 
by the higher level of dietary amino acids. During the experimental period the value of the 
hematocrit decreased significantly (p≤0.05), by 11.9% in group 1, by 10.3% in group 2 and by 


















Fig. 2 Average weekly hematocrit values (%) 
 
 
There were no significant differences (p≥0.05) between the average values of the 
hematocrit in the three groups. The hematocrit was not influenced by the supplementary 
dietary protein and amino acids. The decrease of the hematocrit was a consequence of the 
hemodilution (hypervolemia), because the glucocorticoids in excess stimulate water and 
sodium chloride resorption in the kidney and caecum.  
The decrease in haemoglobin and hematocrit values is consequence of the lower 
digestibility of the ingested protein and even of the intestinal absorption of the amino acids. 
The heat stress depressed the feed intake and therefore the production of heat from digestion. 
On the other hand the environmental temperature of 35°C doubled the water intake. Most of 
the consumed water was eliminated through droppings, favouring a fast intestinal transit of 
the feeds which thus remained undigested.  
However, the internal environment of the layer is a liquid one, in which water plays an 
important role for temperature regulation (lower the body temperature by the evaporation of 
the water in the lungs), for the transportation and hydrolysis of nutrients.  
Therefore, the water intake attenuates the heat making use of the available energy for 
maintenance and production. The last investigated parameter was the totals serum protein, 
which decreased significantly (p≤0.05) during the first four experimental weeks: by 15.9% in 






















Fig. 3 Average weekly serum protein values (g/dl) 
 
The lower protein production in groups 1 and 3 continued during the subsequent 
experimental weeks, even if the reduction was less drastic due to the mobilisation of the 
tissular protein. 
Relating the value of protein production during the last experimental week to the one 
from the first experimental week, one can notice a significant increase only in group 2. The 
average value of protein production in group 2 was 11.58% higher than in group 1 and 8.8% 
higher than in group 3. 
Therefore, an optimal way to alleviate the adverse effects of the heat stress is to 
supplement the diet with protein and synthetic amino acids such as lysine and methionine. 
This will maintain the consumption of energy of the layer under the conditions of heat stress 





1. The heat stress induces adaptative metabolic changes in the direction of achieving the 
regulation of body temperature. 
2. Throughout the experiment, the haemoglobin and hematocrit decreased significantly 
(p≤0.05) in all groups, irrespective of the diet. 
3. The differences between the average values of the haemoglobin, hematocrit and total 
serum protein show the necessity to balance the diets as protein to essential amino 
acids ratio. 
4. A 10% increase of the protein to essential amino acids ratio is one of the ways to 
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